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（1）对 3 种非损伤性样品（脱落羽毛、蛋壳表面拭子和粪便）和 3 种非伤
害性样品（血液、新鲜羽毛和口腔拭子）的 DNA 浓度、PCR 扩增成功率、微卫
星基因分型错误率及样品质量指数（QI）等方面进行有效评价。实验结果表明非
伤害性样品的 DNA 质量要明显好于非损伤性样品，而在 3 种非损伤性样品中，
蛋壳表面拭子 DNA 浓度最高，平均为 27.2 ± 1.44 ng/μl，样品平均 QI 值也达到





（2）通过罗氏 454 高通量测序技术筛选出 23 个具有多态性的微卫星位点，
位点的等位基因数从 2 至 9 个不等，期望杂合度（He）和观测杂合度（Ho）分
别为 0.091 - 0.840 和 0.094 - 0.844，多态信息含量（PIC）的数值范围是 0.085 - 
0.807。经过检测，有 3 个位点 Ee10、Ee17 和 Ee23 位点极显著地偏离 Hardy- 
Weinberg 平衡（PHWE < 0.01），这可能与位点存在无效等位基因有关。此外，通
过对其他 7 种鹭科鸟类进行位点的跨物种扩增检测，我们发现那些与黄嘴白鹭亲
缘关系较近的物种如大白鹭、白鹭和岩鹭，位点的引物通用性明显更好。 
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DNA 进行荧光基因分型。我们检测到 3 个地区两两间的遗传分化 FST 值均小于
0.05，但地区间的差异性已达到显著水平（Bonferroni 校正，P ＜ 0.0167）。通
过种群结构的聚类分析，可以明显看到小菜屿和馒头山的个体共同组成南方群
体，而形人砣的个体则形成北方群体。此外，16 个微卫星位点累积的无亲缘关
系个体间及同胞关系个体间的非排除率分别达到 7.02×10-19 和 2.9×10-7，而在成
功扩增出大于 7 个位点的黄嘴白鹭脱落羽毛 DNA（n = 59）中，我们共鉴定出





也确定了个体间的亲缘关系，包括 89.36%的亲子关系（PO）和 10.64%的 UR。
实验结果证实黄嘴白鹭在繁殖期主要实行一夫一妻制，但是确实存在 CBP 行为
和 EPP 现象。 
（5）针对黄嘴白鹭形人砣种群探讨巢内窝卵数、卵的孵化成功率及繁殖同
步性对 CBP 和 EPP 行为的影响。经过检验，除了窝卵数与 CBP 之间呈显著的正
相关（Pearson correlation coefficient = 0.197，n = 123，P = 0.029）外，其余结果
均不显著。此外，亲缘关系分析表明宿主雌性和寄生者雌性并没有亲缘关系





的微卫星位点；建立起 4 组共 16 个位点的高效多重 PCR 扩增体系，成功对 3 个
地区收集的黄嘴白鹭羽毛 DNA 样品进行个体识别，并对种群遗传结构进行分析；






















Animal mating systems affect the reproductive success of individuals and 
directly relate to the population genetic diversity and population dynamics, and thus 
are very important conservation genetics and ecology. Extra-pair copulation (EPC) 
behavior in the Chinese Egret (Egretta eulophotes) was ever observed in the wild. 
However, it is still not clear the molecular evidence and generation mechanism of 
EPC behavior, and whether such behavior will cause extra-pair paternity (EPP). 
Moreover, previous studies indicated that conspecific brood parasitism (CBP) often 
occurs in many colonial breeding birds, but it is never documented in Egretta 
eulophotes. Therefore, we discuss the following issues around the mating system in 
Egretta eulophotes:  
(1) Effective evaluation of DNA concentration, PCR success rate, microsatellite 
genotyping error rate and quality index (QI) using 3 noninvasive sample types 
(eggshell swab, shed feather or faeces) and 3 nondestructive sample types (blood, 
feather plucking and buccal swab). Our results show that DNA quality obtained from 
nondestructive sampling is better than that from noninvasive sampling. Among 3 
types of noninvasive samples, DNA concentration of eggshell swabs is the highest, 
with an average of 27.2 ± 1.44 ng/μl, and the mean value of QI reach to 0.986. 
Quality of fecal DNA is the worst because of its low DNA concentration (mean value 
＜ 10 ng/μl) and high error rates in genotyping performance. Overall, present results 
indicate that both noninvasive and nondestructive samples can provide sufficient 
quantity and quality of DNA for species identification, sex determination and 
microsatellite genotyping, except for faecal DNA. Furthermore, noninvasive egg 
swabbing and molted feathers can provide parent bird DNA for subsequent studies. 
(2) 23 polymorphic microsatellite loci are isolated using the 454 pyrosequencing 
technology, and the number of alleles per locus ranges between 2 and 9. The expected 















0.094 to 0.844, respectively. Polymorphism information content (PIC) values range 
from 0.085 to 0.807. However, three loci (Ee10, Ee17 and Ee23) show deviations 
from Hardy-Weinberg expectations (PHWE < 0.01), which are most likely associated 
with the presence of null alleles. Moreover, by assessing transferability and 
polymorphism of these loci in the other seven ardeid species, we find a higher 
cross-amplification success rate in the species which have close kinship to Egretta 
eulophotes, such as Ardea alba, Egretta garzetta and Egretta sacra. 
(3) A multiplex PCR assay, in which 16 highly polymorphic microsatellite 
markers are chosen and allocate into four multiplex PCR panels, is established for the 
genotyping of feather samples from both adult and young birds collected in 3 
breeding areas (Xiaocaiyu, Mantoushan and Xingrentuo). Pairwise FST values are 
tested among the three regions with a result of all values less than 0.05, and 
significant differences are found among different regions (Bonferroni correction，P ＜ 
0.0167). The results of cluster analysis for population structure in Egretta eulophotes 
indicate that individuals in Xiaocaiyu and Mantoushan constitute the southern cluster, 
and individuals in Xingrentuo form the northern cluster. Furthermore, the combined 
non-exclusion probability for both unrelated individuals and individuals with sibling 
relationship are 7.02×10-19 and 2.9×10-7, respectively. Molted feathers (n = 59) of 
Egretta eulophotes amplified by more than 7 loci are unambiguously identified as 43 
different individuals (32 females and 11 males). 
(4) Using genotyping data of 8 microsatellites, we determine relationship 
between nestling-pairs and female-offspring pairs inside the same nests from 
Xiaocaiyu Islet. Kinship patterns of 52.24% of the nestling-pairs inside nests are 
determined, which 77.14% of pairs are classified as full-sib (FS), 20% of pairs are 
unrelated relationship (UR), and 2.9% of pairs are half-sib (HS). Meanwhile, kinship 
patterns of 74.60% of the female-nestling pairs inside nests are confirmed, including 
89.36% of parent-offspring (PO) and 10.64% of UR. Our results show that genetic 
monogamy mainly occurs in Egretta eulophotes, but CBP and EPP also exist. 
(5) Analyse the effects of clutch size, hatching success or breeding synchrony on 















clutch size (Pearson correlation coefficient = 0.197，n = 123，P = 0.029), but other 
correlation results are not significant. In addition, there is no genetic relationship 
between host female and parasitic female (mean value of Q&Gr is -0.013 ± 0.002), 
and artificially simulated experiments of CBP behavior in the wild indicate that host 
females do not reject the adoptive eggs. 
In conclusion, this is the first time that we obtain maternal DNA of Egretta 
eulophotes from noninvasive eggshell swabs to perform genetic parentage analysis. 
We newly isolate 23 polymorphic microsatellites by high-throughput DNA 
sequencing techniques. We firstly establish four efficient multiplex PCR panels with 
16 microsatellite markers to study population genetic structure and identify 
individuals using DNA samples collected in 3 breeding regions. Futhermore, this is 
also the first time we verify CBP and EPP happen in Egretta eulophotes in the view of 
molecular biology, and discuss the relationship between such behaviors and clutch 
size, hatching success or breeding synchrony. 
 
Keywords: mating system, Egretta eulophotes, conspecific brood parasitism, 































英文缩写 英文名称 中文释义 
CBP Conspecific brood parasitism 种内巢寄生 
IBP Interspecific brood parasitism 种间巢寄生 
EPC Extra-pair copulation 婚外交配 
EPP Extra-pair paternity 婚外父权 
QP Quasi-parasitism 半巢寄生 
SSR Simple sequence repeats 简单重复序列 
SNP Single nucleotide polymorphism 单核苷酸多态性 
mtDNA Mitochondrial DNA 线粒体 DNA 
nDNA Nuclear DNA 核 DNA 
CHD Chromobox-helicase-DNA binding gene 染色体螺旋蛋白基因 
MHC Major histocompatibility complex 主要组织相容性复合体 
AFLP Amplified fragment length polymorphism 扩增片段长度多态性 
PCR Polymerase chain reaction 聚合酶链式反应 
bp Base pairs 碱基对 
ADO Allelic dropout 等位基因丢失 
FA False alleles 错误等位基因 
SQI Sample quality index 样品质量指数 
LQI Loci quality index 位点质量指数 
GQI Global quality index 总体质量指数 
NA Number of alleles 等位基因数量 
PIC Polymorphism information content 多态信息含量 
Ho Observed heterozygosity 观测杂合度 
He Expected heterozygosity 期望杂合度 
HWE Hardy-Weinberg equilibrium 哈迪温伯格平衡 
LD Linkage disequilibrium 连锁不平衡 
Q&Gr Queller and Goodnight' s index 亲缘关系系数 
L&Rr Lynch and Ritland' s index 亲缘关系系数 
FS Full sibs 全同胞关系 
HS Half sibs 半同胞关系 
UR Unrelated 不相关 
PO Parent-offspring 亲子关系 
BSI Broad-defined breeding synchrony index 广义繁殖同步性系数 
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